Vertical axis wind turbine, despite of its limit in power efficiency, the simplicity in structure and maintenance is a competitive factor that keeps this type of turbine in the game until nowadays. Continuous solutions have been given to handle its major weakness and the use of omni-directional guide vane is an considerable one. In this paper, a 5kkW scale Savonius-based wind turbine enhanced with such guide vane system was design and studied. Together with reasonable blade design, the wind turbine shows promising performance compared with basic design while maintaining its original advantages.
Introduction
For the current situation of our modern world, it is obviously seen that mankind has been continuously seeking for energy solutions to meets the not only the growing global demand, but also the environment conservation. Wind turbine, which has a significant long history of development, is still interested as a simple and reliable solution for such demands.
Of all known designs, vertical axis wind turbine (VAWT) has a notable feature, that is the advantage of being capable of catching the wind from all directions without a need to orient the blades. (1) Besides, another advantage is that the blade usually take the shape of simple geometry. Thus, the turbine operates in almost pure tension, it becomes relatively light and inexpensive to construct. The major disadvantage of VAWT is the relatively low power efficiency compared to horizontal designs. This is due to the fact that vertical orientation unwillingly divides the rotor blades into two groups. First group, the so-called "positive component", consists of part of the blades which move in respect of wind direction, the second one consists of negative blade elements which move against the wind direction, consequently resist or limit the overall power output.
For decades, there are several methods invented for the reduction of negative effect in VAWTs. This paper introduce the design of a 5kW scale VAWT enhanced with stationary guide vanes which help orient the wind direction in a positive way to increase power output.
The use of guide vane is not an innovative idea, however, with the combination of blade shape the VAWT design in this study shows promising impoved performance while maintains the economic fator in terms of structure and construction.
Design
The VAWT presented here is of Savonius-based style The final modification is the use of omni-directional guide vane. As mentioned before, the main purpose of these vanes is to prevent turbine's rotor from generating negative effect. Moreover, the installation of guide vanes also enable seft-starting ability for the VAWT. In this design, 42 guide vanes are fitted.
For 5kW scale, device's sizing was calculated and given in Table 1 . Since the guide vanes play flow orientation role, the blades are designed to match the direction of the air stream entering rotor. This is the most importance which directly influences the power output. In this work, three types of blade are analyzed. Fig. 2 shows the shapes of these blade designs, in turn named "V1", "V2" and "V3".
Due to the orientation of guide vanes, the air is Table 2 . This may considerably influence the device's aerodynamic performance.
Results and Discussions

Flow Patterns
Power Efficiency
Power performances of the designed VAWTs are evaluated by power coefficient CP which is calculated for each design and summarized in Fig. 6 . where CP is expressed as a function of TSR. The similar expression is shown in Fig. 7 but the ouput is put in dimensional value.
As seen in flow analysis section, the V2 design 
Conclusions
This paper introduces a computational evaluation of a VAWT enhanced with omni-directional guide vane which focus on finding possible solutions to increase power efficiency. In summary, the following conclusions are given.
1) The proposed design of VAWT generally has high power efficiency for its type. Especially, the V2 blade design show promising performance with maximum CP up to 25%.
2) The application of omni-directional guide vane plays the key role in the improvement of power performance by means of effectivel distribution of wind stream..
3) The sizing and structure of the analyzed VAWT satisfied the power requirement while maintaining the advantage of simplicity in both construction, design and maintenance..
The VAWTin this paper is computational model and its capability has not been fully comprehended yet since various factors were excluded, i.e. number of blades, number of guide vanes, tilted angle, blade angle of attack, sizing.... These problems should be investigated and taken into account in future work to discover the optimal design for Savonius-based VAWT.
The results of this study help contributing to the present development of wind turbine as the potential method of tidal energy conversion to serve the future demand of renewable energy.
